In shoulder osteoarthritis, the B2 glenoid presents challenges in treatment because of the excessive retroversion and posterior deficiency of the glenoid. Correction of retroversion and maintenance of a stable joint line with well-fixed implants are essential for the successful treatment of this deformity with arthroplasty. Reverse shoulder arthroplasty offers several key advantages in achieving this goal, including favorable biomechanics, a well-fixed baseplate, and proven success in other applications. Techniques such as eccentric reaming, bone grafting, and baseplate augmentation allow surgeons to tailor treatment to the patient's altered anatomy. Eccentric reaming is favored for correction of small defects or mild version anomalies. Current trends favor bone grafting for larger corrections, though augmented components have shown early promise with the potential for expanded use. With overall promising results reported in the literature, reverse shoulder arthroplasty is a useful tool for treating older patients with B2 glenoid deformities.
Introduction
Asymmetric glenoid erosion is a well-known consequence of shoulder osteoarthritis that must be treated for successful shoulder arthroplasty. Walch et al. described 5 typical glenoid wear patterns in their landmark 1999 study, establishing a basis for modern classification and management. 1 The B2 subtype is characterized by the creation of a biconcave glenoid secondary to static posterior humeral subluxation and eccentric posterior erosion. 1 This type accounted for approximately 15% of the initial study group. 1 More recently, the B3 glenoid has been described as a possible progression of the B2 deformity, marked by severe posterior erosion that creates an excessively retroverted uniconcave glenoid. 2, 3 While more rare, the B3 glenoid poses similar challenges in operative treatment.
The etiology of the posteriorly eroded glenoid is multifactorial. Underlying skeletal anatomy, including excessive posterior glenoid version and a flat posterior acromial slope, can predict a tendency toward posterior glenoid erosion. 4 Altered glenohumeral biomechanics, whether from rotator cuff insufficiency or advanced osteoarthritis, can contribute to the progression of posterior glenoid wear. 5 Donohue et al. demonstrated an association between fatty infiltration of the rotator cuff and pathologic glenoid retroversion. 6 The degree of posterior glenoid bone loss poses challenges in establishing appropriate glenoid version during arthroplasty. Maintenance of suitable soft-tissue tension, adequate posterior shoulder stability, and well-fixed components in a deficient posterior glenoid also are concerns when considering arthroplasty for these patients.
Appropriate preoperative evaluation of glenoid wear is of paramount importance. Variations in morphology can alter operative plans, particularly when eccentric glenoid wear is encountered. Standard shoulder radiographs provide a starting point for evaluating glenohumeral wear and deformity. In the B2 glenoid, the axillary lateral view can show posterior humeral subluxation and glenoid biconcavity, but this view tends to exaggerate retroversion. 7 In addition, up to one-third of axillary lateral radiographs are unreadable for the purposes of classifying glenoid morphology. 8 Therefore, the workhorse of preoperative imaging is computed tomography (CT). The bony detail of CT scans allows close examination of bone loss, retroversion, and glenohumeral subluxation. 7, 9, 10 Inaccuracies of measurement can occur when using 2-dimensional (2D) CT scans because of scapular rotation and beam alignment. 11 More recently, 3-dimensional (3D) CT scans have been used to further enhance the preoperative understanding of glenohumeral morphology and estimation of the volume of glenoid bone loss. 12, 13 The 3D CT scans also have the ability to subtract the scapula or humerus to allow more complete appreciation of the anatomy.
Recently, the preoperative 3D modeling software has allowed patient-specific planning to aid in glenoid baseplate placement. Virtual 3D models can be used to study a patient's anatomy, simulate ideal component positioning, and develop patient-specific instrumentation to improve surgical technique. [14] [15] [16] Early reports have described lower rates of component malposition and glenoid vault perforation with the use of these technologies. [15] [16] [17] Drawbacks include prolonged time for creation, both for the 3D models and any patientspecific guides, and increased costs of surgery. 18 Overall, these technologies have shown early promise in aiding surgeons during difficult cases. Further research should investigate long-term outcomes, costbenefit analysis, and the development of other technologically advanced planning options for RSA.
Historically, the B2 glenoid has created a significant challenge that has compromised the outcomes of arthroplasty. Levine et al. reported 63% satisfaction with hemiarthroplasty (HA) in patients with eccentric posterior glenoid wear. 19 At long-term follow-up 15 years later, the satisfaction rate fell to 12%, with a 31% revision rate. 20 The addition of glenoid reaming to an HA, termed "ream-and-run" technique, was initially thought to have potential in treating B2 glenoid arthritis. Results from a recent study with 2-year follow-up, however, showed only 23% improvement in Simple Shoulder Test scores and a 14% revision rate for patients with biconcave glenoids treated with ream-and-run procedures. 21 Among other problems, unbalanced medialization of the joint line with ream-and-run procedures can lead to soft-tissue laxity and residual posterior instability. 22 Walch et al. demonstrated a 20% glenoid loosening rate and 16% revision rate at 6 years for patients with a biconcave glenoid deformity treated with anatomic total shoulder arthroplasty (TSA). 23 They also encountered postoperative posterior instability in 5.5% of patients, which correlated to excessive preoperative subluxation of the humeral head. Iannotti and Norris found that preoperative posterior humeral head subluxation predicted unfavorable outcomes, regardless of treatment with HA or TSA. 24 Recently, patient-specific instrumentation has shown promise in managing excessively retroverted glenoids in TSA. 25 Despite this, several features of RSA have made it a promising tool in treating patients with severe glenoid bone loss. The recent association between fatty infiltration of the rotator cuff and pathologic glenoid retroversion makes RSA an ideal surgical solution capable of addressing both issues simultaneously in a way that TSA cannot. 6 Even with a functional rotator cuff, RSA offers several key advantages when dealing with excessive posterior glenoid wear.
Role of Reverse Shoulder Arthroplasty
Traditionally, RSA was performed for glenohumeral arthritis in elderly patients with rotator cuff insufficiency. Its use has continually expanded with improved implant design and favorable outcomes. 26 Lessons from revision shoulder arthroplasty have highlighted several benefits of RSA. Its semiconstrained nature confers inherent stability to the construct, while screw fixation of the glenoid baseplate allows easier incorporation of bone graft in cases of bone loss. 27 Klein et al. compared RSA operative techniques and clinical outcomes for normal and abnormal glenoid morphology in 216 patients, 17% of whom demonstrated posterior glenoid erosion with a minimum 2-year follow-up. 28 In their study, patients with eccentric glenoid erosion were more likely to receive intraoperative bone grafting or implantation of a large (36 or 40 mm) glenosphere than patients without glenoid defects. Despite this, the 2 groups had comparable clinical outcomes at 2 years.
Mizuno et al. evaluated the use of RSA for the treatment of osteoarthritis in 27 patients with biconcave glenoid deformity and intact rotator cuff function. 29 Selection criteria included age older than 70 years. They used asymmetric reaming to correct posterior glenoid defects and added bone graft in 37% of patients. Overall, they observed only 1 glenoid component failure in 54 months of follow-up, which presented as early loosening in a shoulder with a 15-mm central post. Most patients (93%) reported that they were "very satisfied" or "satisfied" with their outcomes. Functional outcomes were comparable to those of RSA for cuff tear arthropathy and TSA for glenohumeral osteoarthritis. The authors postulated that the semiconstrained nature of the RSA prevented residual posterior instability of the humerus, avoiding complications seen previously in TSA and HA for similar patients.
At our institution, we reviewed 49 patients with B2 or B3 glenoid deformities treated with primary RSA (unpublished data). The average age of the patients was 72 years, and 86% had an intact rotator cuff. A 36-mm glenosphere was used in all but 1 patient. Bone graft was used at the time of surgery in 92% of patients, including cortical graft (61.2%) and impaction grafting (30.6%) at the discretion of the operating surgeon. Metallic glenoid augmentation was used in 2 patients (4.1%). Minimum 2-year clinical and radiographic follow-up data were available for 25 patients with an average American Shoulder Elbow Surgeons shoulder score of 83.7 and Visual Analog Scale score of 0.9. Average range of motion at 2 years included forward elevation to 161 , external rotation to 40 , and internal rotation to 55 . To date, no mechanical failures have occurred and no reoperations have been required in this cohort. Our experience supports the data reported in the literature, including a general preference toward bone grafting, overall favorable 2-year outcomes, and a low revision rate at short-term follow-up after RSA for B2 deformities.
Traditionally, the role of RSA in cases of severe glenoid bone loss has been limited to elderly, low-demand patients. 22, 30, 31 The semiconstrained nature of RSA components, while offering beneficial stability, also raises questions regarding implant longevity. 31 With limited follow-up available, several studies have focused on the incidence and implications of scapular notching to evaluate early implant performance. [32] [33] [34] [35] [36] Despite these concerns, the benefits of stout glenoid baseplate fixation, easier bone grafting, and altered shoulder biomechanics have popularized RSA in treating elderly patients with substantial glenoid deformity.
Technical Considerations
While RSA technique often is patient-specific, several common challenges exist when managing a B2 glenoid deformity. Common pitfalls include excessive joint line medialization, inadequate glenoid baseplate fixation, and glenoid baseplate malposition. An overmedialized joint line with uncorrected glenoid bone loss alters soft-tissue tensioning across the glenohumeral joint, potentially compromising the strength and range of motion after RSA. It also can lead to inferomedial impingement that could cause inferior scapular notching, an osteolytic reaction that can compromise clinical outcomes. 36, 37 Notching can be minimalized by placing the baseplate inferiorly with an inferior tilt of 10 to 15 . 37 Judicious and minimalistic reaming, bone grafting, and attention to soft-tissue tension during surgery can mitigate the risk of overmedialization. With severe bone loss, the glenosphere may be upsized and/or lateralized to achieve appropriate balance.
Achieving excellent glenoid baseplate fixation, particularly in the central axis, is of extreme importance in establishing foundational stability in cases of glenoid bone loss. 28 Eccentric placement of glenoid components or altered screw trajectory to maximize bony purchase may be required in cases of distorted glenoid geometry. Klein et al. described an alternative "spine centerline" for placement of the central glenoid baseplate screw, passing through the center of the glenoid surface and into the axis of the scapular spine in patients with altered glenoid geometry. 28 If bone graft is required, sufficient screw length to engage native bone is necessary. Loss of graft fixation or inadequate graft incorporation can destabilize the entire glenoid component. Finally, inappropriate correction of glenoid version during RSA can lead to anterior component dislocation, particularly when the glenoid component is placed in more than 10 of retroversion. 38 Errors in glenoid component position or fixation may be more difficult to appreciate when glenoid anatomy is substantially altered.
Techniques for dealing with posterior glenoid bone loss and glenoid retroversion in RSA have evolved from solutions to the same problems in anatomic TSA. These include eccentric reaming, glenoid bone grafting, and augmented baseplate components. 22, 28, 29, 31, 32, [39] [40] [41] [42] [43] [44] [45] [46] [47] Such strategies can be used alone or in combination to combat posterior glenoid bone loss.
Eccentric Glenoid Reaming
Eccentric reaming refers to a technique whereby preferential reaming of the anterior "high-side" balances out a posteriorly eroded glenoid. 39 It is the simplest and most common way to correct small variations in version and to accommodate eccentric glenoid wear. By reaming the asymmetric glenoid to a flat surface, the implant is supported entirely by native bone without the need for grafting or augmentation. 46 The technique is simple and cost-efficient in the operating room, requiring only slight modification of a pivotal surgical step. Its effectiveness is limited, as the degree of posterior bone loss requires a proportionately large amount of anterior glenoid to be removed, thereby compromising overall remaining native glenoid bone stock. 39 A maximum of 15 to 18 of retroversion and 5 to 8 mm of posterior glenoid loss can be corrected in TSA due to limitations from peg perforation. 22, 37, 39 No studies to date have reported on maximal limits specific to RSA. Unique to RSA, it is essential to maintain sufficient glenoid bone for baseplate fixation when eccentrically reaming.
While the volume of remaining bone can play a role in limiting eccentric reaming, the quality of bone also must be considered. In the B2 glenoid, the posteriorly subluxed humeral head articulates with the posterior glenoid. As a result, the posteroinferior quadrant contains substantially denser subchondral bone than the anterior glenoid hemisphere in accordance with Wolff's law. 48 The net result of asymmetric reaming, therefore, creates a glenoid with a weak cancellous base anteriorly and a dense subarticular base posteriorly. Such variations after reaming can lead to unequal support of the glenoid baseplate, with the theoretical potential for catastrophic mechanical failure before complete osseointegration is achieved. 48 Small posterior glenoid defects with minimal retroversion, therefore, can be safely corrected by eccentric reaming. More pronounced defects or significant retroversion require the addition of bone graft or metal augments to maintain the joint line and ensure appropriate fixation.
Glenoid Bone Grafting
The use of bone grafting in B2 glenoids allows correction of glenoid version without excessive reaming, which effectively preserves glenoid bone stock. Grafting often follows a minimal amount of eccentric reaming, and the graft material is placed within the defect in conjunction with the baseplate. Rates of glenoid bone grafting in RSA are widely variable, ranging from 9% to 38%. 41, 49 Higher rates of grafting should be expected when treating patients with significant glenoid asymmetry. As a whole, bone grafting for glenoid defects in RSA has led to excellent clinical outcomes at short-and midterm follow-up. [42] [43] [44] [45] 50, 51 While technically demanding in TSA, glenoid bone grafting in RSA is made easier by the more robust glenoid baseplate fixation with a either a long central peg or central screw along with multiple locking screws in the periphery. In addition, problems with graft incorporation seen in TSA may be alleviated by altered joint forces after RSA, where axial compression encourages incorporation. 35, 52 From a technical standpoint, the bone graft should be incorporated to a thickness that restores glenoid bone stock to that of the native joint. Both cortical structural and impaction cancellous techniques are reasonable (Figures 1 and 2) . Excessive medialization can result in Figure 1 . A and B, Structural cortical bone grafting for posterior glenoid erosion can be accomplished by first creating a step cut in the glenoid surface with a bur. The graft can be fashioned from the humeral head and then placed in the defect. C and D, The humerus can then be prepared in standard fashion. E and F, After baseplate impaction, the peripheral locking screws in the baseplate provide fixation of the graft to the native glenoid.
poor soft-tissue tension, prosthetic impingement, and instability after RSA. 34 It also can lead to inferior scapular notching, which can compromise implant longevity. Fixation of the graft to the native glenoid is achieved in conjunction with fixation of the glenoid baseplate. If using a central peg device, it should traverse the graft and gain purchase in at least 10 mm of native glenoid bone. 45 The ideal number and position of peripheral screws with glenoid grafting are not known and likely are patientspecific. Some surgeons advocate the use of 2 screws (superior and inferior) with a 4-hole baseplate to mitigate the risk of graft fracture, while others advocate 4-screw fixation for added stability when graft size permits. 34, 45, 53 Allograft or autograft can be used to augment posterior glenoid defects, though autograft seems to be preferred in the reported literature. Boileau et al. described a technique of using autologous cancellous humeral autograft termed bony increased-offset RSA (BIO-RSA). 34 The humeral head autograft is placed between the glenoid baseplate and reamed glenoid vault, then fixed with a 25-mm central peg and 4 peripheral screws. By establishing the center of rotation at the bone-prosthesis interface, maximal baseplate fixation and minimal scapular notching are achieved. In effect, the BIO-RSA technique achieves the benefits of a lateralized implant but does so using bone to lateralize the construct rather than the metal glenosphere. 34 Trapezoidal graft can be used for simultaneous correction of version and bone loss in angled BIO-RSA. 35 When applied to 21 patients with type B2 and C deformities, angled BIO-RSA achieved an average of 10.4 of retroversion correction (-21 to -10.6). The authors noted 94% incorporation of the graft by CT and radiographs at 2 years. They also reported a 25% scapular notching rate and had 2 patients with clinically significant baseplate loosening. Ernstbrunner et al. reported the use of bone graft in primary RSA in 41 patients over a 7-year period. 54 They used autograft in 95% of shoulders and treated posterior glenoid defects in 29% of patients. They reported overall positive results, with a patient satisfaction rate of 93% and improved shoulder scores, pain levels, and range of motion at 2 years. Preoperative predictors of worse outcomes included severe glenoid erosion and increased body mass index. Despite noting relatively high rates of periprosthetic glenoid lucency (18%), incomplete graft incorporation (22%), and scapular notching (30%), none of their patients required revision surgery.
Allograft is less commonly used in primary RSA, with its main applications in revision cases where local autograft options are limited. There are few studies comparing the outcomes of glenoid autograft and allograft use in RSA. 44, 45 Jones et al. reviewed 44 patients who required structural glenoid bone grafting during RSA, with successful grafting using humeral head autograft (29 patients), iliac crest autograft (1 patient), and femoral head allograft (14 patients). 44 They found no significant difference in incorporation, glenoid component loosening, or infection rates between the 2 groups at 2year follow-up. They did, however, identify a trend toward increased radiographic graft incorporation of autograft (86%) over allograft (67%). Lopiz et al. reviewed 23 RSA patients who required bone grafting and found no significant difference in autograft (100%) and allograft (92%) incorporation rates at 2 years. 45 Concerns about glenoid bone grafting include graft resorption and incorporation failure, in which the loss of structural support at the graft site could lead to baseplate failure and declining function. Graft resorption can be difficult to identify even on CT scan, with large gaps correctly identified only 46% of the time in a recent cadaver study. 55 In addition, the accentuated deltoid destabilizing force inherent to RSA function could impart stress at the bone-implant interface, resulting in failure of bone grafting. 54 Further research is needed to determine long-term implant survival in the setting of glenoid bone graft, though the early results are promising.
In general, the ease of use, favorable outcomes, and low cost make glenoid bone grafting an attractive option in managing B2 glenoids with RSA. Grafting allows substantial correction of retroversion and bone loss without requiring excessive reaming or modified implants. Specifically, humeral head autograft has been well reported in the literature and seems to be the current preferred technique for dealing with bone loss in RSA patients.
Glenoid Baseplate Augmentation
Metal-augmented total shoulder components were developed to deal with various challenges in shoulder arthroplasty, including posterior glenoid bone loss. Introduced in 2011 for RSA, metal-augmented components help preserve remaining glenoid bone stock and minimize the amount of reaming required. 33, 40 Several potential negative features of bone grafting are avoided, including limited availability in the revision setting, fixation failure, and postoperative resorption. Augmented baseplates have variable degrees of correction available, allowing the surgeon to tailor the type of implant to the glenoid defect. Correction can be achieved via monoblock or modular components 56 (Figure 3 ). Augmentation is most common in the posterior and superior quadrants of the baseplate or some combination of the 2. 32, 40 One drawback of augmented glenoid baseplate use is potential peg or screw perforation through the deficient glenoid in an effort to capture sufficient native bone with the fixation construct, though the impact on glenoid failure rates is undetermined. Higher implant cost, limited implant availability on short notice in some areas, and failure at articulations of modular components are other potential disadvantages of augmented components.
The literature reporting glenoid baseplate augmentation for RSA is evolving, with no long-term outcomes studies to date; however, the results are optimistic. Jones et al. reviewed 80 patients who had RSA with either glenoid bone graft or an augmented baseplate to accommodate a large defect. 33 Their cohort included 24 posteriorly augmented baseplates in patients with an average age of 72 years. At more than 2 years of follow-up, the authors noted similar improvements in pain, motion, and functional scores between the 2 groups. The augmented glenoid group had no significant complications, while the bone graft group had a 14.6% complication rate including 2 patients with glenoid loosening. In addition, there was a lower rate of scapular notching in the augment cohort (10%) than in the bone graft cohort (18.5%). The authors speculated that this could be related to the difficulty in fashioning the bone graft to the asymmetric glenoid with standard implants.
Michael et al. reported the use of augmented glenoid baseplates in 139 RSA patients. 40 They noted an 8% complication rate in the posterior augment cohort but no episodes of glenoid baseplate failure. The complications included an intraoperative tuberosity fracture, 2 traumatic humeral fractures, and a superficial infection treated with oral antibiotics. After experiences with augmented TSA and RSA in glenoid bone deficiency, they favored RSA for the correction of large deformities of more than 20 in elderly patients.
Wright et al. compared the outcomes after posterior and superior augmentation in RSA without reaming or bone grafting. 32 They noted better outcomes and a lower rate of scapular notching (6.3%) in the posteriorly augmented group than in the superiorly augmented group (14.3%). They postulated that the posterior augment prevented posterior contact of the humeral component with the glenoid to minimize notching.
Advances in computing and materials technology have led to the detailed, efficient production of custom baseplates. These implants have been used in TSA for a variety of glenoid bone defects with promising early success. [56] [57] [58] [59] The customization allows optimization of implant size, screw position, and porous coating. In addition, patient-specific instrumentation can be used to aid in implantation of the custom components. 57 Because of very high implant costs, these components generally are reserved for only the most severely worn glenoids, typically those with erosion past the coracoid base.
As a whole, glenoid augmentation in RSA has shown promise in managing the retroverted, posteriorly deficient B2 glenoid. Despite this, the current literature is sparse and lacks high-powered studies to better delineate its benefits and drawbacks. As with bone grafting, long-term studies assessing implant performance and longevity are needed to determine the optimal treatment strategy.
Conclusion
RSA has several features that make it a useful treatment for patients with a B2 glenoid. Its semiconstrained nature and robust baseplate fixation offer construct stability while preserving motion. Techniques such as eccentric reaming, bone grafting, and baseplate augmentation allow correction of glenoid retroversion and bone loss with promising early results. Further research should focus on improving techniques, determining implant longevity, and measuring long-term outcomes in these patients.
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